Recent exploratory syntheses of polar intermetallic compounds containing gold have established gold's tremendous ability to stabilize new phases with diverse and fascinating structural motifs. In particular, Au-rich polar intermetallics contain Au atoms condensed into tetrahedra and diamond-like three-dimensional frameworks. In Au-poor intermetallics, on the other hand, Au atoms tend to segregate, which maximizes the number of Au-heteroatom contacts. Lastly, among polar intermetallics with intermediate Au content, complex networks of icosahedra have emerged, including discovery of the first sodium-containing, Bergman-type, icosahedral quasicrystal. Gold's behavior in this metal-rich chemistry arises from its various atomic properties, which influence the chemical bonding features of gold with its environment in intermetallic compounds. Thus, the structural versatility of gold and the accessibility of various Au fragments within intermetallics are opening new insights toward elucidating relationships among metal-rich clusters and bulk solids. 
INTRODUCTION
Among all metallic elements, gold has the largest absolute electronegativity with a value (5.77 eV) that places it on par with the chalcogens, selenium (5.89 eV) and tellurium (5.49 eV), and the pnicogens, arsenic (5.30 eV) and phosphorus (5.62 eV) [1, 2] . In the free atom, the ground state electronic configuration of gold is [Xe](4f) 14 (5d) 10 (6s) 1 . According to Dirac-Fock and Hartree-Fock calculations [3] , the relativistic contraction of the 6s subshell, as determined by the ratio of expectation values of the 6s orbital radius evaluated with and without relativistic effects, i.e., r 6s  Rel / r 6s  Non-Rel , achieves the most extreme value for gold [4] . This relativistic contraction of the 6s orbital significantly lowers its energy because of the high effective nuclear charge, and results in an anomalously large first ionization potential and electron affinity for the gold atom. Since the average of these two gas-phase atomic characteristics equals the absolute electronegativity, gold's large electronegativity is a relativistic effect. Furthermore, this relativistic effect raises Au's 5d orbital energies and lowers the 5d-6s energy difference, both of which produce the "golden" color, as well as allow the filled 5d band to participate in significant polar-covalent interactions with other metals. As a result, when compared to its neighbors in the periodic table, i.e., Ir, Pt, and Hg, Au forms stronger and shorter covalent bonds to other Au atoms, as well as stronger and shorter polar-covalent bonds to other, more electropositive main group metal atoms, e.g., with In, Tl, or Sn.
The atomic characteristics of gold offer tremendous potential for its abilities to form a variety of intermetallic compounds. As one of the coinage metals, Au can form Hume-Rothery electron phases with selected metals from groups 11-14. In combination with the active alkali or alkaline-earth metals, Au forms structures that belong to a growing number of new solids called polar intermetallics [5, 6] . In these structures, the electronegative component adopts complex networks that typically optimize pairwise orbital interactions by filling bonding orbitals and keeping antibonding orbitals empty. Thus, polar intermetallics are nearly valence compounds, but, to date, no simple electron counting rules have emerged to generalize their existence. Such electron counting rules are often expressed as electrons-per-atom (e/a) ratios. Using this index, Hume-Rothery phases occur for e/a values ranging from 1.0 to 2.0. Valence intermetallics, also called Zintl-Klemm phases, belong to modified e/a values greater than or equal to 4.0 (the modified e/a value uses all valence electrons but just the atoms of the electronegative component). Polar intermetallics exist for modified e/a values between ~1.2 and 4.0. In this contribution, recent results of exploratory syntheses, structural characterizations, and electronic structure calculations for chemical bonding analysis among a variety of intermetallic compounds containing Au are summarized and reveal profound structural-chemical features.
-BRASSES in the Au-Zn SYSTEM
Perhaps the most structurally complex among all Hume-Rothery electron compounds are the -brasses, which form for e/a values around 1.61 [7] . Their structures, e.g., cubic Cu 5 Zn 8 , involves a bcc packing of 26-atom clusters formed by 4 concentric cages: (i) an inner tetrahedron (IT); (ii) an outer tetrahedron (OT) capping each face of the IT; (iii) an octahedron (OH) capping each edge of the OT and IT; and (iv) a distorted cuboctahedron (CO) bridging each edge of the OH. Recent extensive research into binary and ternary -brass systems has uncovered a need to analyze their electronic structures for chemical influences. Some of these discoveries include specific atomic ordering patterns in Cu-Zn phases [8] , cubic 222 superstructures involving ordered vacancies [9, 10] , commensurately modulated, orthorhombic superstructures [11, 12] , and rhombohedral distortions for systems containing partially filled d-bands [13] .
Our examination into the Zn-rich portion of the Au-Zn phase diagram has established the existence of rhombohedrally distorted -brasses occurring for 61.0-66.0 atomic percent Zn, or e/a ratios of 1.61-1.66 [14] . Au-Zn -brasses were obtained by allowing the elements to react at 680C for 12 hr; then annealing for 5 days at 300C before quenching to room temperature. According to powder x-ray diffraction, single phase products occurred for loadings that were 61.0-66.0 atomic percent Zn, and all patterns revealed a rhombohedral distortion from cubic symmetry. Results from single crystal diffraction essentially confirmed the phase relationships and lattice distortion, but provided additional structural and chemical information. In the 26-atom -brass clusters (see Figure 1) , the IT and CO sites are Zn-rich, whereas the OT and OH sites are Au-rich, but also refine with vacancies. In fact, the vacancy concentration in the Au-Zn -brasses increases as Zn content increases so that the valence electron count of the 26-atom cluster (vacancies included) remains essentially constant at 41.6 electrons. Thus, the Au-Zn -brasses may be formulated as Au 5x Zn 8+y  xy . This behavior in the Au-Zn system is distinct from the Cu-Zn -brasses, which showed cubic phases over a wider range, i.e., 57-68 atomic percent Zn or e/a ratios of 1.58-1.72 [8] . Moreover, Cu 5 Zn 8 shows complete ordering of Cu on the OT and OH sites and Zn on the IT and CO sites. Tight-binding electronic structure calculations on rhombohedral, stoichiometric "Au 5 Zn 8 " adopting an ordering scheme observed by experiment show a clear pseudogap in the density of states (DOS) curve at the Fermi levels (E F ) for 21-22 electrons per formula unit (42-44 electrons per 26-atom cluster) [14] . A crystal orbital Hamilton population (COHP) analysis [15] of the DOS reveals that the upper bound of this pseudogap is controlled by optimizing the AuZn orbital interactions. Further computational studies are needed to probe both the effects of Au/Zn atomic distributions and vacancies on the overall electronic structure and orbital interactions.
ZINTL-KLEMM INTERMETALLICS with Au
Zintl-Klemm intermetallics involve combinations of electropositive, active metals from the first two groups of the Periodic Table with electronegative (semi)metals from groups 12-15 [16] . They are also called valence compounds because the structures adopted by the electronegative components satisfy simple electron counting rules based on covalent bonding concepts, like the octet rule, once the valence electrons of the electropositive metals are formally transferred to the electronegative ones, which are called Zintl polyanions. As such, the e/a values of the electronegative components exceed 4.0. The coinage metals, Cu, Ag, and Au, alone do not form Zintl polyanions because their structures do not conform to the octet rule. Examples include the Laves-type NaAu 2 and KAu 2 , and the hexagonal CaCu 5 -type AAu 5 structures (A = K, Rb, Sr, Ba) [17] . Nonetheless, gold can be incorporated into Zintl-Klemm phases as a ternary component with the electron-rich group 15 semimetal Bi. In these cases, the effect of Au's filled 5d band becomes evident.
The recently discovered structure of Na 2 AuBi, which contains planar [AuBi] 2 ribbons [18] , differs significantly from the isoelectronic compounds Li 2 AuBi and NaTl (=Na 2 Tl 2 ), which adopt the double diamond structure with 3D tetrahedral frameworks of [AuBi] 2 and [TlTl] 2 (see Figure 2 ). The [AuBi] 2 ribbons in Na 2 AuBi consist of linear Au chains with Bi atoms bridging every AuAu contact in an alternating fashion. According to first-principles calculations, the different [AuBi] 2 structural motifs in the Li and Na compounds are governed largely by the interplay between volume-dependent energy terms, which favor the more isotropic, 3D double diamond structure for smaller volumes, and the covalency among the electronegative components, which favors more anisotropic, lower-dimensional motifs at larger volumes [19] . The differences between the two isoelectronic Na compounds, Na 2 AuBi and Na 2 Tl 2 , arise from the relativistic effects and effective nuclear charges on the 5d states. In Na 2 AuBi, Au 5d states significantly interact with Bi 6p states to promote stronger AuBi covalent interactions than in the diamond network. This factor does not exist for Na 2 Tl 2 , in which Tl 5d states are well localized. Thus, the relativistic effects on both the valence 6s and 5d orbitals of Au influence its behavior under reducing environments in valence compounds as well. 2 polyanions. Au: black circles; Bi: gray circles; Li or Na: white circles.
POLAR INTERMETALLICS
As mentioned above, gold and the electropositive alkali and alkaline-earth metals can form polar intermetallic compounds, which adopt structures primarily containing 3D frameworks of vertex-or face-condensed Au 4 tetrahedra. Their modified e/a ratios are 1.5 for AAu 2 (A = Na, K) and 1.2 for AAu 5 (A = K, Rb) cases [17] . Recent explorations into ternary phase spaces containing gold with an active metal and a main group p-metal have revealed gold's tremendous versatility to form complex structures showing numerous and distinct features of chemical bonding that range from networks to clusters and even a quasicrystal. These compounds can be semi-quantitatively indexed by a modified e/a ratio, in addition to the atomic percent Au content.
Condensed Tetrahedral Clusters
Ternary gold-rich polar intermetallics with triels (Al-Tl) or tetrels (Si-Sn) retain Au 4 tetrahedra found in binary A-Au phases (A = alkali or alkaline-earth metals). Two recently discovered alkali metal (K or Rb)-gold-trielides (In or Tl) that are especially rich in gold demonstrate typical structural features of this growing class of valence electron poor intermetallics. The structures of Rb 2 Au 3 Tl (modified e/a = 2.0) and K 3 Au 5 Tl (modified e/a = 1.83) contain, respectively, chains or sheets of Au 4 tetrahedra sharing vertices along with bridging zigzag chains of Tl to form a complex 3D network whose voids are filled by alkali metals (see Figure 3 ) [20] . In fact, alkali metal-gold interactions are important for the stability of these structures as seen by the arrangement of 10 alkali metals surrounding each Au 4 tetrahedron: 4 metals cap each tetrahedron face, and 6 cap each edge to give a configuration resembling the first three shells of the 26-atom -brass structure. Calculated electronic structures indicate pseudogaps at the corresponding Fermi levels [20] , which is a feature of electronic stability among polar intermetallic compounds [21] . In these DOS curves, the Au 5d band falls 4 eV
Li 2 AuBi
Na 2 AuBi below the Fermi levels and is also 4 eV wide to imply strongly interacting Au atoms. The position of the Au 5d band in the DOS curves is largely the result of each Au 4 tetrahedron being encapsulated by 10 alkali metal atoms, which engage in polar-covalent bonding with Au's filled 5d orbitals. COHP analyses of the DOS show that AuIn/AuTl and InIn/TlTl orbital interactions are optimized, and account for the presence of the pseudogaps in the DOS curves. Furthermore, integrated COHP values for the different types and frequencies of interactions in these structures revealed that Au-Au and AuIn/AuTl interactions account for 66-75% of the total interatomic populations, while 23-24% of the total comes from K-Au/Rb-Au bonding. It is important to include the frequency of bond types in this analysis because the individual pairwise orbital interactions decrease along the sequence Au-(In,Tl), Au-Au, (In,Tl)-(In,Tl), and finally (K,Rb)-Au. Although each (K,Rb)-Au contact is the weakest pairwise interaction, the clustering of alkali metal atoms about each Au 4 group is a major factor of the overall stability of these compounds. The foregoing compounds may be usefully classified as substitutional derivatives of the cubic MgCu 2 -type Laves phase, which occurs for NaAu 2 . 
3D Tetrahedral Networks and Networks of Icosahedra
A systematic exploration of the Sr-poor region of the Sr-Au-Al phase space has uncovered two significant structural families of polar intermetallics [22] : (i) the Sr x [Au n Al 3n ] y Au 2(x+y) series, which involves a 3D tetrahedral framework of Au atoms with Sr and [Au n Al 3n ] triangles filling the voids; and (ii) Sr(Au  Al 1 ) n [Au 6+x Al 6x ] phases related to the cubic NaZn 13 -type, with either stuffed (n  0) or empty (n = 0) icosahedra forming a simple cubic packing. All Sr-Au-Al phases were prepared by heating mixtures of the elements to 1000C, then annealed at 750C for 3-5 days before quenching to room temperature. Products were characterized by powder and single crystal X-ray diffraction.
In the first series, which form for 12.5-18.2 atomic percent Sr, the Au framework adopts a hexagonal diamond motif that contains an eclipsed stacking of puckered six-membered Au rings with alternating puckering modes to create short and long AuAu distances along the stacking direction. The local environment at each Au atom in this network is a distorted tetrahedron. Moreover, the framework creates distorted hexagonal prismatic voids that are stoichiometrically half the number of Au atoms in the 3D net. Four distinct structures/phase regions have been identified that contain the 3D hexagonal net of Au atoms (see Figure 4) The valence electron concentrations for these four phase regions bifurcate into two distinct values: (1) 2.04-2.12 for the hexagonal and rhombohedral structures (i.e., those containing essentially [Al 3 ] triangles); and (2) 1.86-1.89 for the lower symmetry cases (i.e., those containing [AuAl 2 ] triangles). According to COHP analyses of the electronic DOS curves, the versatility of the 3D hexagonal diamond Au network arises, presumably, from the ~5 eV region of AuAu nonbonding states near the corresponding Fermi levels for these compounds. Moreover, the hexagonal SrAu 4+x Al 3x and rhombohedral Sr 2 Au 6 Al 3 phases have most nearly optimized nearest-neighbor AuAl and AlAl orbital interactions with their Fermi levels falling close to pseudogaps, unlike the two lower symmetry structures. Thus, further study of their electronic structures and factors influencing their stability is warranted.
In the second series, which occurs for 7.1-7.7 atomic percent Sr and Au:Al ratios varying from 0.9 to 1.3, networks of stuffed and empty icosahedra with complex decoration patterns as well as structural transformations have been observed (see Figure 5 ). Cubic NaZn 13 -type SrAu 6+x Al 7x phases crystallize in the range 0.60 < x < 1.25. In these structures, Al atoms center each icosahedron, which refines as a statistical distribution of the remaining Au and Al atoms, [Au 6+x Al 6x ]. At lower Au content, ordered derivatives of the NaZn 13 -type occur. These are either tetragonal structures with fully occupied or empty icosahedral voids, found for SrAu 6+x Al 7x (0.30 < x < 0.60) and SrAu 6x Al 6+x (x = ~0.25), respectively, or a completely ordered monoclinic phase SrAu 6.1 Al 6.4 . Among the Au-poor, tetragonal phases, the Au atoms are distributed on the icosahedra to maximize the number of AuAl contacts and to minimize the number of AuAu contacts. Monoclinic SrAu 6.1 Al 6.4 , which contains a 1:1 ordering of empty and Al-filled Au/Al icosahedra, is better reformulated as Sr 2 {(Al)[Au 6+x Al 6x ]}{Au 6y Al 6+y }. Trends in these structural-chemical behaviors tend to follow the Au content: the cubic phases with Al-centered icosahedra exist for 47-52 atomic percent Au; the tetragonal phases with Alcentered icosahedra occur for 45.2-47 atomic percent Au; the monoclinic phase is found for 45.0-45.1 atomic percent Au; and the tetragonal phase with empty icosahedra occurs for 44 atomic percent Au. According to preliminary electronic structure calculations, this structurecomposition relationship is governed by a pseudogap in the electronic DOS curve. Figure 5 . Icosahedral clusters in NaZn 13 -derived Sr-Au-Al phases. Au-rich sites: black circles; Al-rich sites: white circles; Au/Al mixed sites: dark gray circles.
Weak Alkali Metal-Gold Bonding
In the previous two subsections, AuAu and AuTr (Tr = Al, In, Tl) interactions as parts of clusters or networks were emphasized. But, the relativistic effects on Au's valence 5d and 6s orbitals also allow, in principle, polar-covalent interactions with alkali metals. A thorough systematic exploration of alkali metal-gold-gallium phases has identified many new compounds with diverse structural properties [23, 24] . As seen for (K,Rb)-Au-(In,Tl) and Sr-Au-Al phases described above, Au atoms become incorporated into the electronegative metal framework and form numerous AuTr bonds at the expense of AuAu bonds as the trielide (Tr = Al, Ga, In, Tl) content increases. One isostructural series, the tetragonal A~0 .55 Au 2 Ga 2 (A = Na, K, Rb, Cs) phases [23, 24] , contain comparable, well-defined chains of Ga 4 /Au 4 tetrahedral stars connected along the c-axis via direct Au-Ga and Au-Au bonds to define tunnels. These tunnels are occupied by the alkali metal atoms and consist of staggered stackings of alternant, 8-membered, planar Au 4 Ga 4 rings (see Figure 6 ). Electronic structure calculations show a pseudogap around the Fermi levels with optimized AuAu, AuGa, and GaGa orbital interactions. Broad electron density peaks that are separated by diffuse electron density distributions within these tunnels result in marginal refinements of discrete alkali metal atom positions and very elongated anisotropic displacement ellipsoids (also in Figure 6 ). Although this outcome suggests weak alkali metalgold bonding, the procedure fails to discriminate ranges and fluctuations of diffuse electron densities in these tunnels and, thereby, the nature of the alkali metal disorder. Electron density Fourier maps computed on the basis of observed reflection data provide more useful information about the nature of such disorder according to conventional Xray scattering [24] . Figure 6 also shows (200) sections of electron densities along the c axes for Na 0.55 Au 2 Ga 2 , K 0.55 Au 2 Ga 2, Rb 0.55 Au 2 Ga 2 , and Cs 0.55 Au 2 Ga 2 . The outlying Ga and Au atoms lie in layers at z = 0, ½, 1, but the atoms themselves are also alternately displaced above and below these sections, whereas the electron density maxima for Na and K clearly lie at z ~ ¼, ¾ in the nominal cavities between the heavy atom layers. For Rb, the electron density appears to be nearly uniformly distributed along the cylindrical tunnel, perhaps slightly greater at z ~ 0, whereas Cs density is clearly greater around the planes of Au 4 Ga 4 rings at z ~ 0, ½, 1. These characteristics suggest substantial ordering effects in which moderately rigid anionic networks define rather uniform tunnels in which the cations are somewhat loosely bound and poorly differentiated. The cations are still necessary for neutrality, and their filling of the preformed tunnel does contribute to overall stability. Changes in the lattice dimensions down the series NaCs are relatively small in the c direction (−1.0 %), but notable in a (+4.4 %). There is no cation location on the c-axis at which distances to Au or Ga atoms would be too short.
A New Quasicrystal
During further systematic explorations of the Na-Au-Ga system, the influence of significant NaAu polar-covalent interactions became apparent along the 33 atomic percent Na line by the discovery of a new Bergman-type icosahedral quasicrystal and several crystalline approximants [25, 26] . A synthetic procedure that involved initial heating to 750 °C for 3-5 hr, subsequent cooling to 350 °C for annealing over 3-5 days, and finally quenching into water yielded five new icosahedral-based structures (in order of increasing Au content): (A) a cubic 1/1 stuffed Bergman phase Na 13 Au 18 Ga 9 ; (B) an orthorhombic (decagonal-like) phase Na 8 Au 10 Ga 7 ; (C) a 2/1 Bergman approximant Na 13 Au 12.5 Ga 14.5 ; (D) a new quasicrystalline phase Na 13 Au 12 Ga 15 ; and (E) a cubic 1/1 Bergman approximant Na 13 Au 9 Ga 18 (see Figure 7 ). All crystalline phases were refined using single crystal x-ray diffraction. The new quasicrystal became apparent from its simple powder x-ray diffraction pattern, when compared to those for the 1/1 and 2/1 approximants E and C, as well as from initial images from a typical "single crystal" experiment, both of which could not be indexed using a conventional unit cell [26] . A more thorough investigation was carried out using a high-energy x-ray precession camera at the Advanced Photon Source at Argonne National Laboratory. The zero-level (Q z integrated from 0.04 Å 1 to +0.04 Å 1 ) precession images of the five-fold and two-fold planes from the sample for an incident x-ray wavelength of 0.125 Å (E = 100 keV; see Figure 7 ) yielded diffraction peaks that can be indexed to a primitive icosahedral quasilattice with a quasilattice constant, a R = 5.264(4) Å, which is the largest reported quasilattice constant among icosahedral quasicrystals based on packings of Bergman clusters. The absence of extraneous spots or powder rings in these images further shows that the entire 50 μm sample corresponds to a single icosahedral grain. There is, however, some evidence of diffuse streaks in the two-fold plane that are oriented parallel to the three-fold axes of the sample [26] . This generally indicates the presence of some degree of residual phason strain in the sample that originates from defects in tiling arrangements of the icosahedral structure. The structure of the 1/1 Bergman approximant E Na 13 Au 9 Ga 18 consists of a central (Au/Ga) 12 icosahedron surrounded, in successive shells, by a dodecahedron of 20 Na atoms, a larger icosahedron of 12 Ga atoms, a buckminsterfullerene-like truncated icosahedron of a 60-atom Au/Ga mixture, and a defect triacontahedron of 24 Na atoms (see Figure 7 ) [25] . On the other hand, in the Au-richer 1/1 Bergman structure of Na 13 Au 18 Ga 9.5 A, certain positions that are occupied by a mixture of Au and Ga atoms in E become fully occupied by Au atoms and the inner icosahedron is centered by an additional Ga atom [25] . The quasicrystal D more closely resembles the conventional 1/1 Bergman approximant E with empty inner icosahedra rather than the stuffed Bergman phase A because (1) its composition is closer to this crystalline approximant, and (2) a comparison of the numerical relationships between the lattice parameters of these crystalline approximants and the quasilattice constant a R confirm this assignment. According to the equation a q/p = 2a R (p + qτ)/(2 + τ) ½ (26) , where q/p denotes the order of the approximant, τ (= (√5 +1)/2) is the golden mean, and a R = 5.264(4) Å, then a 1/1 = 14.490(11) Å and a 2/1 = 23.446(22) Å. These values fall within 3 of the measured lattice parameters of the conventional 1/1 Bergman-type phase (i), 14.512(2) Å and the 2/1 approximant 23.460(2) Å.
The discovery of the quasicrystalline phase Na 13 Au 12 Ga 15 invokes questions about the special roles of Na, as well as Au, in this system. One special characteristic of Na 13 Au 12 Ga 15 quasicrystal is its low e/a value of 1.75, which is a value far below the favorable range for traditional Bergman-type phases (2.1-2.2) [26] . The presence of Au in the quasicrystal and approximants with Na and Ga significantly enhances aspects of metal-metal bonding and contributes to the thermodynamic stability of these phases. Accompanying theoretical studies have emphasized the relative importance of Au-M polar-covalent bonding, such that these interactions often comprise 65 to 90 % of the total COHP values in a specified structure. Na's participation in the delocalized metal-metal bonding, which is an important feature of any quasicrystal, remains unexpected. Clear evidence for the significant involvement of Na in bonding in the quasicrystal D can be extracted from the DOS and COHP curves calculated for a model 1/1 Bergman approximant "Na 26 Au 24 Ga 30 ", which use the structural parameters of E and the composition of the quasicrystal D (see Figure 8 ). In the DOS, Au 5d and 6s and Ga 4s and 4p orbitals make the principal contributions to all occupied states. The Fermi level falls essentially at a sharp pseudogap, which corresponds to optimized Au-Ga and Ga-Ga orbital interactions. Of particular importance, however, is a comparison of the Na-Au and Na-Ga COHP curves, which would represent the most polar interactions in this structure. At the lowest regions of the valence band, which lies ~6.5-9.5 eV below the Fermi level, Na-Au and Na-Ga show comparable bonding interactions, with Na-Ga dominating slightly. However, the presence of the Au 5d band between ~6 and ~2 eV below the Fermi level greatly enhances the Na-Au orbital interactions. Analysis of all COHP curves reveals that Au-Au and Au-Ga interactions constitute, respectively, 14.7 % and 37.0 % of the total bonding population, whereas Na-Au and Na-Ga contribute, respectively, 9.3 % and 8.6 %. This contribution of the Na-Au bonding population is especially surprising and not at all in accord with classical expectations of marginal sodium covalency in such phases. Experimental, albeit more qualitative evidence for strong Na-Au bonding also arises in terms of unusually short Na-Au distances found for many of the Bergmantype crystalline phases and a few other related structures, distances which fall in the range of 3.06 to about 3.15 Ǻ. Two other extraordinary examples have emerged in the Na-Au-Ga diagram [27] . Also for ~33 atomic percent Na content, the orthorhombic phase B Na 8 Au 10 Ga 7 reveals structural elements demonstrating potential local five-fold symmetry, and Na 17 Au 5.9 Ga 46.6 crystallizes in a rhombohedrally distorted cubic 1/1 Bergman-type approximant, differing at first in the fifth shell of atoms. Thus, it remains whether all compounds in this Na-Au-Ga have been exposed, and these results create optimism for similar structural chemistry in many analogous systems.
SUMMARY
Gold's versatility toward adopting various structural motifs in combinations with a wide range of metallic elements is an important test of models of electronic structure and chemical bonding for intermetallic compounds. Systematic investigations of polar intermetallic systems have revealed condensed clusters, 3D networks that encapsulate small main group clusters or alkali metals, and complex frameworks leading to new quasicrystals and other complex intermetallic phases. The ability of gold to engage in homoatomic bonding as well as favorable polar-covalent bonding with various metals contributes to its versatility and provides tremendous opportunities for discovering new phases with interesting physical and possibly chemical properties.
